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Abstract 
Background: Osteoporosis and major Non-Communicable Diseases (NCDs) are identified by WHO as 
leading cause of death worldwide. Its economic burden is heavy worldwide and in particularly in low 
income countries. DXA availability is poorly in our country. Spine CT scanner with sagittal 
reformation images are known for the ease quotation of vertebral fractures by quantitative 
morphometric system described by Genant et al. (1996). This study aims to determine the rate and the 
features of vertebral fractures in postmenopausal black women living in Kinshasa/DRC using CT 
scanner sagittal reconstructions. 
Patients and methods: 430 consecutives post-menopausal women referred for Thoraco-lumbar CT 
scanner from June 2011 to June 2016 were enrolled in this study and theirs CT images used to quote 
vertebrae. 
Results: 12.89% of a total of 4730 vertebrae were fractured whose more than half (7.82%) of grade 1. 
The fracture rate is lower than in Caucasian and ASEAN and increase with ageing and duration of 
menopausis (24.51% in 70 years of age and over). 
Conclusion: Vertebral fracture global frequency was 12.89%. Vertebral fractures are present in our 
population and adverse consequences will arises in terms of morbidity and mortality. Lack of 
infrastucture, health policy and powerty will contributes to boost for a bader pronostics. 
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The method is reproductible and can be used as routine clinical tools in conditions of poor availability 
of DXA. 
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1. Introduction 
Osteoporosis and major Non-Communicable Diseases (NCDs) namely cardiovascular illnesses, 
diabetes mellitus, obesity, cancer, chronic respiratory diseases, accounting for 2/3 of all causes of 
deaths, are identified by the World Health Organization (WHO) as the leading cause of death 
worldwide. Osteoporose’s impact is projected to further increase due to global urbanization, sedentary 
lifestyle, obesity epidemic, and an increase in life expectancy in populations across the globe (Burge et 
al., 2007; who study group, 2010; IOF study group, 2011; Cipriani et al., 2017). 
Osteoporosis is sharing common risk factors with NCDs (Leslie et al., 2017) and contribute 
substantially to a heavy social and economic burden Worldwide (Fechtenbaum et al., 2005) and in 
particularly in low income countries, i.e., the Democratic Republic of Congo (DRC). 
In the Middle East and Africa region, 8-20% of the population is currently over 50 years and the 
proportion will reach up to 25% in 2020 and 40% in 2050 (Cooper et al., 1992; Burge, 2007; who study 
group, 2010; IOF study group, 2011; Cipriani et al., 2017). 
In osteoporosis, several women aged over 50 years of age will experience a hip and or a vertebral 
fracture resulting in morbidity with loose of functional independence (Edmond et al., 2005) and 
mortality as a consequence of lack of prevention policy, low or lack access to care (Cooper et al., 1992; 
Melton et al., 1993; Melton et al., 2003; Woolf et al., 2003; Hasserius et al., 2005; Johnell et al., 2006; 
who study group, 2010; IOF study group, 2011). 
The vertebral fracture or abnormalities may be a localized or diffuse reduction of the vertebral body 
height occurring without any violent trauma (Freedman et al., 2008). They are often asymptomatic, 
undetected by clinicians and underdiagnosed by radiologists in radiological image (rx) (Grados et al., 
2001; Delmas et al, 2005; Woo et al., 2008; Hospers et al., 2009; Delmas et al., 2009). Although often 
detected incidentally by imaging explorations performed for other purposes. Despite the ease of 
identifying vertebral fractures in computer tomography scanner (CT, TDM or CT scanner), assessment 
of vertebrae in axial sections only instead of sagittal sections are source of under diagnosis and under 
reporting of vertebral fractures (Lenchik et al., 2004; Bauer et al., 2006; Muller et al., 2008; Muller et 
al., 2008; Woo et al., 2008; Williams et al., 2009). The detection is improved by scanner using lateral 
vieuw or radio mode with limited success or sagital reconstructions (Genant et al., 1996; Muller, 2008; 
Kim  et al., 2012; Oei et al., 2013; Takada et al., 1998; Takada et al., 2013; Alacreu et al., 2017; 
Glinkowski et al., 2017; Gausden et al., 2017; Lee et al., 2017) and some authors reported newly 
introduced automated detection and soft-ware assisted systems (Narloch et al., 2016; Burns et al., 
2017). 
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Data about double x absortiometry, newly introduced in our country are not yet available. Audit about 
osteoporosis in the Middle East and Africa region has establish the gaps in knowledge and care relevant 
to osteoporosis, the scarcity of data available on osteoporosis and practically non-existence and lack of 
the data on vertebral fracture incidence in these region and countries (IOF study group, 2011). 
This study aims to determine the rate and the features of vertebral fractures in a consecutive study 
group constituted of postmenopausal black women living in DRC reffered for thoracolumbar screening 
and assessed with CT scanner using sagittal reconstructions. 
 
2. Materials and Methods  
This is a prospective and multi-centric study conducted from June 2011 to June 2016.  
2.1 Patients 
The study group is constituted of consecutive postmenopausal black women reffered to CT scanner for 
dorso-lumbar screening whose indication where amenorrhea of at least one year and mood disorders 
associated with low back pain.  
Women were checked by a physician and were eligible for the study if they:  
- Had been postmenopausal for at least one year of amenorrhea. 
- Had No diseases nor medications known to affect bone metabolism (cancer, diabetes, prolonged 
diseases of the liver, kidney, thyroid gland, etc. or treatment using corticosteroids greater than or equal 
to 3 months, anticonvulsants, thyroid hormones, etc.). 
- Had no previous high energy vertebral fractures.  
2.2 Methods 
Menopausal status and Anthropometric parameters (age, height, and weight) were collected according 
to standardized procedures. Weight was measured (kg) using commercially available portable digital 
scales to the nearest 0.1 kg and height was measured (cm) using a vertical stadiometer to the nearest 0.1 
cm.  
Four CT scanners machines were used with the same standard protocol: General Electric light speed 8 
rows, Siemens (Siemens Medical System, Sensation, Erlangen, Germany), Philips 8 rows, Hitachi 
Eclos with 16 rows. 
The standard scanning protocol includes a lateral radio mode from T5 to S4 and a helical acquisition 
followed by multi-planar reconstruction. 
Three radiologists reviewed CT images of all patients. A consensus was used to solve disagreements. 
The review included a morphometric quantitative analysis of each vertebra, on the more balanced 
sagital reconstruction, which was rated according to the system proposed by Genant et al. (1996). 
2.3 Measurements 
2.3.1 Morphometric Quantitative Measurements 
Six points were marked for each vertebra defining vertebral height (Figure 1): the anterior (ha), the 
posterior (hp) and the middle (hm) vertebral heights. 
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Figure 1. Schematic Representation of Measurements 
 
The measurements of the anterior, median and posterior vertebral heights yielded quantitative variables 
whose ratios give the percentages of loss of vertebral heights (Genant et al., 1996; Muller, 2008; Kim et 
al., 2012; Oei et al., 2013; Takada et al., 1998; Alacreu et al., 2017). 
The following ratio were calculated:  
-APR antero posterior ratio = ha/hp cuneisation index 
-MPR Middle POSTERIOR RATIO = hm/hp concavity index 
-HPR posterior-posterior adjacent ratio = hp/hpa 
Ratio allows calculation of percentages of loss of height (loss of height is equivalent of 100% of 
vertebral height minus the ratio). 
According to the shape of the vertebra, each vertebra was rated as follows: grade 0: normal vertebra 
ratio less than 20% grade 1: minimal fracture: 20% to 25% loss of one or several heights grade 2: 
moderate fracture: 25% to 40% loss of one or several heights; grade 3: height grade fracture: > 40% 
loss of one or several heights. 
The spinal deformity index is the sommation of grade of all fractured vertebrae but was not used in this 
paper. 
2.4 Statistical Analysis  
The Coefficient of Variation (CV) were calculated according to the proposition of Glüer et al. (1995). 
The statistical analysis was performed using commercially available software the Statistica program for 
  
    
hp         hm        ha   
1 2 3 
1 2 3 
1 2 3 
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Windows 5.1 (Tulsa, OK, USA, 1996) and SPSS version 21. 
The results were expressed as mean, standard deviation (mean ± SD), range (minimum and maximum 
values), absolute (n), ratio (%) and relative (%) frequencies. 
The differences in height and ratio values were analyzed using the Student’s t-test. 
The associations between the qualitative variables were established using the Pearson Chisquare test. 
The threshold of significance was set at 0.05. 
The study design was approved by the local ethics committee, informed consent was obtained from 
each subject, and the study was conducted in accordance with the declaration of Helsinki for human 
studies. 
 
3. Results 
Four hundred thirty consecutives patients were enrolled into this study. 
3.1 The Coefficient of Variation 
The coefficient of variation (CV% = SD/mean × 100%) was 0.95% and standardized CV (sCV = 
CV%/4SD/mean) was 2.35%. 
3.2 Vertebral Body Heights in Post Menopausal Women 
Means vertebral heights and standard deviation are presented in Table 1. 
 
Table 1. Vertebral Height (means ± s.d) in Our Study Group 
 n ha ± s.d hm ± s.d hp ± s.d 
LEVEL  (mm) (mm) (mm) 
D4 430 23,9 ± 3,2 23,7 ± 2,9 22,9 ± 3,7 
D5 430 24,5 ± 3,2 24,1 ± 3,2 24,3 ± 3,2 
D6 430 24,6 ± 3,0 24,5 ± 2,8 24,4 ± 3,1 
D7 430 23,9 ± 3,2 24,1 ± 3,3 23,6 ± 2,7 
D8 430 24,1 ± 3,2 23.9 ± 3,1 23,4 ± 3,3 
D9 430 24,3 ± 2,9 24,4 ± 2,6 24,1 ± 3,2 
D10 430 24,1 ± 3,2 24,2 ± 2,4 24,3 ± 3,3 
D11 430 24,2 ± 2,8 24,3 ± 3,6 23,8 ± 2,9 
D12 430 23,9 ± 3,2 24,05 ± 3,3 23,8 ± 3,1 
L1 430 24,2 ± 3,2 24,9 ± 3,3 25,3 ± 3,3 
L2 430 25,9 ± 3,3 25,6 ± 2,8 25,9 ± 3,2 
L3 430 28,6 ± 3,5 27,6 ± 3,3 27,1 ± 3,2 
L4 430 27,1 ± 3,2 26,7 ± 3,5 26,4 ± 3,6 
L5 430 26,5 ± 3,8 25,8 ± 3,6 25,7 ± 3,9 
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The scale of variation of vertebral heights is wide and the different varies from less to highly 
significative when comparing vertebra per vertebra height (p = 0.43 to p < 0.001). 
Considering vertebra level per vertebra: as low we are, as great are the height and wide is the scale 
difference. 
3.3 Quantitative Morphometric Quotations  
3.3.1 Grades of Vertebrae  
Mensurations of vertebral height yield calculations of ratio and percentages of loss of height which 
enables grading of vertebrae as shown in Table 2 below. 
 
Table 2. Global Gradation of Vertebrae in Our Study Group 
GRADATION %LOSS n % 
GRADE0 < 20% 4120 87.1 
GRADE1 20-25% 370 7.82 
GRADE2 25-40% 213 4.5 
GRADE3 > 40% 27 0.57 
TOTAL  4730 100 
 
Statistical significative difference (p < 0.0001) was seen in rate of different grades. 
12.89% of a total of 4730 vertebrae was fractured which more than half (7.82%) of grade 1 (see Figure 
2). 
Height grades vertebral fractures were rare (0.57%). 
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Figure 2. Images of Osteoporotic Vertebral Fractures in Post-Menopaused Women. Figure 2a CT 
Grade 1; 2b CT Lateral rx Grade 2; 2c CT Grade 3 Vertebral Fractures 
 
3.3.2 Age-Related Changes in Fractures Rates 
Age related variation of vertebral fractures rates from 430 patients (4730 vertebrae) aged 45 to 87 years 
are shown in Table 3. 
 
 
 
 
 
    
Fig. 2a  
Fig. 2c  
Fig . 2b  
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Table 3. Age Related Variation of Vertebral Fractures Rates 
Age group (year) N subjects Number of vertebrae Number of fractures Fracture frequency (%) 
< or = 54 103 1133 103 9.70 
55-59 121 1331 121 9.09 
60-64 79 869 84 9,66 
65-69 71 781 144 18,43 
70 and over 56 616 151 24,51 
Total 430 4730 61 12.89 
 
We disclosed 610 (12.89%) fractured vertebrae of different grades.  
In 45 to 64 years, the frequency of fractures is almost the same (9.09 to 9.7%). No significative change 
in rate (p > 0.5). 
By 65 years, the frequency of fractures is almost double (18.43% and 24.51%). The average rate was 
then 21.11% and difference was significative with rate before 65 years of age (p > 0.0001). 
3.3.3 Duration of Menopause-Related Changes in Fractures Rates 
Variation in rates of fractures with duration of menopause are reported in Table 4. 
 
Table 4. Duration of Menopausis-Related Variation of Vertebral Fractures Rates 
Durationofmenopausis(year) Nsubjects Vertebralnumber Fracturesnumber Fracturesrates(%) 
< or = 5ans 85 935 99 10.59 
6-10ans 104 1144 113 9.87 
11-15ans 111 1232 115 9.33 
16-20ans 70 781 147 18.82 
20ans 60 660 136 20.60 
Total 430 4730 610 12.89 
 
A statistically significant association is noted between the duration of menopause and the rates of 
fractures (p < 0.02), specialy when compare patients with duration under and over 15 years of age (p < 
0.0001). 
3.3.4 Age Related Loss of Vertebral Height 
Variation in vertebral height with age with are reported in Table 5. 
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Table 5. Age Related Mean Loss in Vertebral Height 
 Mean loss in vertebral height (%) 
Age group (years) more < or = 54 55-59 60-64 65-69 70 and over p 
D7 6,0 6,5 6,9 8,0 9,5 0,032 
D8 6,3 6,5 7,4 11,1 11,2 0,03 
D9 6,5 7,0 7,8 10,1 12,2 0,03 
D9 6,8 6,9 8,3 11,2 11,0 0,046 
D11 6,9 7,4 8,4 11,0 11,1 0,038 
D12 7,1 7,8 8,3 10,1 12,1 0,02 
L1 7,1 8,6 8,4 9,4 9,7 0,046 
L2 7,5 8,5 8,2 12,4 10,6  0,009  
L3 9,8 9,1 10,6 11,2 9,9  0,016  
L4 10,6 9,6 12,8 11,7 15,3  0,048  
L5 11,2 12,7 13,6 17,1  17,8  0,016  
 
These vertebral losses with age are statistically significant for all vertebrae (p from 0.048 to 0.016), 
there is also a statistically significant increase of vertebral height losses with ageing. 
3.3.5 The Duration of Menopausis Related Losses of Vertebral Height 
Variation in vertebral height with duration of menopause are reported in Table 6. 
 
Table 6. Duration of Menopause-Related Loss of Vertebral Height 
Age groupe (year)  < or = 5  6-10  11-15  16-20 21 and more    
Vertébral level  Loss (%)  Loss (%)  Loss (%)  Loss (%)  Loss (%)  P  
D7  7,1 ± 5,9  7,2 ± 3,8  8,7 ± 5,4  9,3 ± 4,2  11,2 ± 5,4  0,042  
D8  7,4 ± 5,9  8,5 ± 6,6  8,6 ± 5,7  11,2 ± 6  10,4 ± 6,3  0,003  
D9  9,2 ± 4,3  9,5 ± 7,2  10,4 ± 6,4  10,5 ± 5,3  10,3 ± 4,3  0,04  
D10  9,3 ± 5,0  10,3 ± 4,8  11,2 ± 7,7  12,5 ± 5,5  11,8 ± 8,7  0,039  
D11  9,6 ± 4,7  10,6 ± 5,2  10,6 ± 5,3  11,7 ± 7,0  12,2 ± 6,3  0,042  
D12  9,1 ± 5,3  9,6 ± 7,2  10,4 ± 7,4  11,3 ± 5,3  12,3 ± 4,3  0,048  
L1  8,1 ± 5,9  7,6 ± 4,8  9,3 ± 5,4  7,7 ± 4,1  10,5 ± 8,7  0,029  
L2  7,6 ± 4,9  8,6 ± 5,6  8,6 ± 5,7  11,7 ± 7,0  10,2 ± 6,3  0,04  
L3  9,1 ± 5,3  9,2 ± 7,2  11.4 ± 7,4  10,3 ± 5,3  10,3 ± 4,3  0,048  
L4  9,0 ± 6,0  10,5 ± 6,8  13,2 ± 8,7  11,5 ± 5,7  14,2 ± 8,7  0,042  
L5  13,2 ± 7,6  17,4 ± 10,7  14,8 ± 7,9  16,1 ± 10,0  20,9 ± 6,4  0,039  
 
Loss of vertebral height was seen on all vertebrae and increases with duration of menopausis from 7,1 
± 5,9% to 20,9 ± 6,4% and was significant on all level. 
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4. Discussion 
The aim of this study was to determine the rate and the features of vertebral fractures in black central 
Africa postmenopausal women using sagittal reconstructions from CT scanner. 
The study shows that intra and inter observer coefficient of variation was 0.95%. and standardized was 
2.35% these CV was lower or, at least, equivalent to those disclosed by Genant et al. (1996) using 
lateral view of x-ray what means a good reproductibility of our measurements and rating. 
Quantitative assessment (vertebral morphometry) used in our study is based upon strict six point 
placement on sagital reformated images in place of lateral view rx where varying radiographic quality 
and parallax distortion of the borders of the vertebral body cause many problems in the placement of 
the points. This is why some authors access that six points rx assessment are restricted to research 
purposes and are not easily amenable for daily clinical use and the visual semiquantitative are preferred 
for routine clinical use (Jager et al., 2010), although it allows several source of errors and have a poor 
specificity: it is obvious that Vertebral fractures also need to be differentiated from normal variants like 
limbus vertebra, cupid-bow appearance and vertebral deformities such as H-shaped vertebra in sickle 
cell anemia, etc., and avoiding misinterpretation induced in x ray by scoliosis, obliquity and false 
biconcave appearance of vertebral end-plates known as “bean-can effect” and that it also need double 
centering exposure to cover all the thoraco-lumbar field, attention may be paid to CT scanner: 
Beside of Introduction of Vertebral Fracture Assessment (VFA) with DXA and use of automated six 
point detection/placement and soft-ware assisted systems (Narloch et al., 2016; Burns et al., 2017), the 
widespread availability and use of Multidetector CT enables radiologist to detect fractures incidentally 
on routine sagittal reformations in patients undergoing CT scans for osteoporose screening and other 
indications; use of six points vertebral morphometry became a routine clinical tools (Muller, 2008; Kim 
et al., 2012; Oei et al., 2013; Takada et al., 2013; Jager et al., 2010). 
Despite the ease of identifying vertebral fractures in CT, assessment of vertebrae in axial sections only 
instead of sagittal sections are source of under diagnosis and under reporting of vertebral fractures and 
due to its high radiation burden: broutine use of CT for detecting fractures is not practical worldwide 
(Takada et al., 2013; Alacreu et al., 2017; Glinkowski et al., 2017; Gausden et al., 2017; Lee et al., 2017; 
Jager et al., 2010). Use of only lateral scout CT images has been proposed to be a reasonable middle 
path, thereby retaining the superior resolution of CT at a much lesser radiation dose (Muller, 2008; 
Takada, 2013; Glinkowski, 2017), but in comparative studies (Kim, 2012; Takada, 2013), cv were 
higher than visual semi quantitative assessment and higher than in the present study. Netherless these 
disadvantages of CT scanner, it’s use must be questioned in countries where availability of CT scanner 
is higher than DXA and cost is almost the same. 
The vertebral heights found in this study vary on a wide scale (Table 1) and seems to be as the wider as 
the vertebra is low located in the vertebral column. To the extent that height and vertebral dimensions 
depend on the ethnicity and stature of individuals (O’Neill et al., 1996; Muhammad et al., 2014) and 
that the normative data of the vertebrates of our population are not yet available and are being 
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developed by members of our group of work, we pave delay the analysis of data on vertebral heights to 
the development and publication of these normative data. 
In the current study, the vertebral losses with age (Table 5) and duration of menopause (Table 6) are 
statistically significant for all vertebrae (p from 0.048 to 0.016). There is also a statistically significant 
increase losses of vertebral height with ageing which leads to the development of fractures whose 
frequency increases with age and duration of menopause in a significant way. This study disclosed 
12.8% fractured vertebrae of different grades (Tables 3 and 4). From 45 to 64 year of age and less than 
15 years duration of menopause, the rate of vertebral fractures is almost the same (10.59 to 9.87%). by 
65 years of age and thereafter or up than 15 years of duration of menopause, the frequency of fractures 
was double (18.43 and 24.51%). The average rate was then 21.11% The frequency regained is 
nevertheless low in comparison with the studies in Caucasians (Cooper et al., 1992; O’Neill et al., 1996; 
Delmas et al., 2009; Cipriani et al., 2017; Alacreu et al., 2017) which report overall higher rates. 
O’Neill et al. (1996) and Delmas et al. (2009) reported a frequency of diagnosed osteoporotic vertebral 
fractures of 10-25% after 50 years of age, Data from population studies on Indian women have reported 
a similar 17% prevalence of vertebral fractures (Muhammad et al., 2014). Our study mean frequency 
are in the lower limit. Differences was seen between our data and South African Black or American 
Africans, with ASEAN and ASEAN with American Caucasians or Europeans (Aspray, 1995; Lau et al., 
1996; Luckey et al., 1996; Tracy et al., 2006; Muhammad et al., 2014; Conradie et al., 2015). These 
differences seems due to ethnicity as seen in united states (Luckey et al, 1996; Tracy et al., 2006) and 
south Africa (Conradie et al., 2015) where people living in the same country shows higher rate of 
fractures in white. 
From 20-25% Caucasian women and men above 50 years fractured, there is a steadily increasing 
upward trend in incidence of vertebral fractures with age and from 50 to 85 year of age, the rate of 
vertebral fractures in women goes from 5% to 50% (Cooper et al., 1992; Fechtenbaum et al., 2005; 
who study group, 2010; IOF study group, 2011), what is higher above increase occurred in our study 
(Tables 3 and 4) from 9.7% to 24,51% of between 50 and 86 years of age due to an exponential 
increase of the fracture rate after 64 years of age which is corroborated by several authors (Melton et al., 
1989, Kado et al., 2004; Burns, 2017; Ganesan et al., 2017). 
 
5. Conclusions 
Quantitative morphometric assessment of vertebral fractures on sagital CT reformated slices in central 
Africans post-menopausal women aged 45 to 87 years of age disclose low intra and inter observers 
coefficients of variations. Vertebral fracture global frequency was 12.89%. The fracture rate in lower 
than in Caucasian and ASEAN and increase with ageing and duration of menopausis (24.51% in 70 and 
over age group). The method is reproductible, able to access morphometrics changes induced in 
vertebrae by age and duration of menopausis and can be used as routine clinical tools in conditions of 
poor availability of DXA. 
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